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Abstract
It is important for robot designers to know how to make robots that interact effectively with humans. One key dimension is
robot appearance and in particular how humanlike the robot should be. Uncanny Valley theory suggests that robots look
uncanny when their appearance approaches, but is not absolutely, human. An underlying mechanism may be that
appearance affects users’ perceptions of the robot’s personality and mind. This study aimed to investigate how robot facial
appearance affected perceptions of the robot’s mind, personality and eeriness. A repeated measures experiment was
conducted. 30 participants (14 females and 16 males, mean age 22.5 years) interacted with a Peoplebot healthcare robot
under three conditions in a randomized order: the robot had either a humanlike face, silver face, or no-face on its display
screen. Each time, the robot assisted the participant to take his/her blood pressure. Participants rated the robot’s mind,
personality, and eeriness in each condition. The robot with the humanlike face display was most preferred, rated as having
most mind, being most humanlike, alive, sociable and amiable. The robot with the silver face display was least preferred,
rated most eerie, moderate in mind, humanlikeness and amiability. The robot with the no-face display was rated least
sociable and amiable. There was no difference in blood pressure readings between the robots with different face displays.
Higher ratings of eeriness were related to impressions of the robot with the humanlike face display being less amiable, less
sociable and less trustworthy. These results suggest that the more humanlike a healthcare robot’s face display is, the more
people attribute mind and positive personality characteristics to it. Eeriness was related to negative impressions of the
robot’s personality. Designers should be aware that the face on a robot’s display screen can affect both the perceived mind
and personality of the robot.
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As technology advances, socially assistive robots are being
developed for healthcare contexts [1,2]. It is important that such
robots have an appearance that users feel comfortable with [3].
Practically, robots cannot be completely humanlike at the current
stage of robotics development. While robots such as HRP4 have
been developed [4], they are too expensive and not capable of
deployment in real world scenarios. Furthermore, interactions in
speech are not easy, and vision for interaction is not very
technically feasible. More practical robots have wheels and
interact with touchscreens and speech output. Some have faces
presented on the touchscreen and some do not have any faces;
others have simplified plastic faces that have some lighting effects,
and some have moving parts. It is important to understand how
people perceive different robot designs and help designers create
appropriate robots. For touchscreen robots, it is important to know
whether to put faces on the screen to enhance the interactions and
what kinds of faces are better than others. Examples of healthcare
robots with touchscreen displays include the Healthbot and Care-
o-bot [5,6]. This study aimed to understand robots with screens,
and to give developers advice about the design of faces for screen
display. Our goal was to evaluate the kind of face that a display
screen robot might best show, and whether having a face on the
screen is important. We hypothesize that the results will be
translatable to real 3D versions of the faces displayed but we do
not evaluate this claim in this paper. We seek to establish some
knowledge based on screen-displayed faces in order to discover
important factors, which is necessary before more expensive real
faces are constructed since the practicalities of constructing real
3D faces are considerable. Since we typically interact with humans
but we cannot yet make completely humanlike robots, a very
relevant factor in the design of robot faces is the degree of
humanlike appearance, and this is the focus of the current study.
The introduction reviews previous work in the area of humanlike
appearance on robots, including theories behind the effects
observed. It then goes on to introduce the current study.
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One theoretical model of the relationship between robot
appearance and how comfortable humans feel with it is The
Uncanny Valley theory [7,8], which proposes that as robots
become more humanlike, we feel more comfortable with them.
But when a robot becomes highly humanlike we still know there is
something that is not real about it, and then we experience a sense
of strangeness or eeriness. The uncanny valley has been likened to
how we might feel about seeing a dead person, and has
implications for the design of acceptable robots. While the
Uncanny Valley is popular, there has been little empirical research
to test the theory. However, more work has been done over the
past ten years. A recent review concluded that evidence for the
Uncanny Valley is equivocal [9]. In a case study, only a few people
mentioned that a Geminoid robot (very humanlike but not human)
gave them an uneasy feeling [10].
Humanlikeness can refer not only to visual appearance but also
to behavioral features, such as the voice and movement of a robot.
Research has shown that robots with humanlike voices are rated
more highly than those with an identical appearance but with
more a robotic voice [11,12]. Other work has shown that a
mismatch between human or machinelike appearance with human
or machinelike voice creates eeriness [13]. Research on movement
has shown that avatars that move in a more humanlike manner
are perceived as more familiar and less eerie [14]. However, there
is some preliminary evidence for uncanny effects when mechanical
movement is paired with an android robot [15].
Research on the Uncanny Valley and facial appearance has
evaluated images of robots on scales that rate appearance (e.g.
humanlike, familiar, eerie, appeal, creepy, strange), and emotional
reactions (e.g. fear, disgust) [16,17]. Recent work asked people to
rate a series of photographs that morphed a robot’s photo to a
human’s photo, and found that there was a dip in familiarity that
corresponded to a peak in eeriness in the middle of the series [18].
Feelings of eeriness have been shown to disappear when the
morphing is more carefully crafted, suggesting poor mixing of the
faces rather than the humanlikeness of the image may be the cause
of perceived eeriness [16]. Indeed, research has suggested that the
mixture of robot and human features may be the cause of
perceived eeriness [17]. In line with this, robots that have a clearly
non-human appearance are liked more than robots that try to
appear humanlike [19]. Other work has shown that a bronze face
with simplified eyes is rated more eerie than both a photorealistic
face and a line drawing face [8].
Theories behind the Effects of Humanlike Appearance of
Robots
Some work suggests that the Uncanny Valley may have an
evolutionary purpose to cause animals to avoid unhealthy
individuals. Monkeys spent longer looking at real or unrealistic
synthetic faces than looking at realistic synthetic faces [20]. The
authors suggest that the monkeys identified the realistic synthetic
faces as belonging to their own species more than the unrealistic
synthetic faces, but these faces failed to live up to expectations for
appearance and behavior. Other studies suggest that there is a
developmental basis to Uncanny Valley effects, which requires
early experience with real faces, as infants do not exhibit such
effects until the age of 12 months [21].
A number of theories are relevant to the Uncanny Valley. One
prominent theory is expectation violation. A humanlike appear-
ance can induce expectations of humanlike behavior. When a
robot looks human but does not behave in a humanlike manner,
this violates expectations and can lead to surprise or fright [13,18].
It has been shown that people come to interactions with pre-
existing mental representations of what robots can do and look like
[19]. These expectations can influence reactions to the robot. For
example, using the same robot as used here (with a simple
humanlike face on the screen), a previous study showed that
people who had pre-existing ideas that a healthcare robot would
be humanlike had higher blood pressure during the interaction
than those who imagined the robot would be more machine-like
[22]. In related theory, Bayesian modeling posits that when there
are conflicting cues as to which category an object belongs to, this
can create perceptual tension, which in turn promotes behavior to
decrease this tension – such as withdrawal, attack, ignoring one of
the cues, or attempts to reduce the misalignment between
categories [23]. It has been suggested that faces can be categorized
as human or non-human and where there is ambiguity this creates
discomfort [24]. Effectance motivation describes the desire to
interact effectively with the environment, and to understand,
predict and have control over it. It has been proposed that
anthropomorphism of robots increases our feelings of understand-
ing and control over them and reduces uncertainty [25]. A
humanlike appearance may therefore increase acceptance of the
robot.
Mind perception and Personality
A recently proposed theory about why humanlike robots can
appear uncanny is that humanlike features prompt users to
perceive that the robot has a mind [26]. This is related to
anthropomorphism, in that a humanlike appearance prompts
expectations of humanlike attributes. In the theory of mind,
humans ascribe minds to other people in order to establish
common ground and to enable communication. It has been
suggested that developers should build a theory of mind into
agents to enable better communication [27]. Research in social
psychology has investigated the dimensions along which we judge
whether something has a mind and developed the Mind
Perception Questionnaire to assess these dimensions [28]. This
research has shown two dimensions of mind perception – agency
(the capacity to do things) and experience (the capacity to
experience things). Both dimensions are associated with the liking
of a character. The capacity for experience has been linked to
being afforded moral rights and the capacity for agency has been
linked to having moral responsibility [28]. It has been suggested
that the concept of agency (having the ability to interact, be
autonomous, and adaptable) allows computers and animals to be
considered moral agents without needing to have free will,
emotions or mental states [29]. In an initial survey, people rated
a robot very low in the capacity to experience but with a moderate
amount of agency [28]. The robot was rated lower in both
experience and agency than a human adult, but higher in agency
than a baby, a monkey and a dog. Of all the other rated ‘beings’ in
the study, a dead woman was rated closest to a robot in this two
dimensional space. It has been proposed that the uncanny valley
may be caused by the perception that a being has an incomplete
mind, e.g. the robot has the capacity to do but not feel [30].
Studies using this Mind Perception Questionnaire have looked
at how varying the humanness of a robot’s voice can affect
perceptions of robot mind [31]. Results suggested that female
participants attributed more mind to a female voiced robot and
males attributed more mind to a male voiced robot. That study
summed all items rather than use the two subscales published in
the original paper. Other work has examined appearance;
participants who viewed a video of the robot Kaspar from the
front (more humanlike) compared to the back (more mechanical),
attributed a greater capacity to experience to the robot, and this
capacity was linked to perceptions of the robot being uncanny
Robot Faces, Mind and Personality
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contributed to the difference in perceptions rather than humanli-
keness per se, and the participants watched a video rather than
interacting with a physically present robot. Further research is
needed to investigate how the humanlikeness of a robot is linked to
perceptions of its mind and how this relates to eeriness in uncanny
valley theory in a human-robot interaction with different kinds of
faces presented from the front.
Another reason why humanlike robots are seen as uncanny may
be that humanlike facial features cause the user to perceive that the
robot has certain personality traits that cause feelings of unease. In
humans, facial appearance has been shown to affect perceptions of
a person’s personality [32]. Similarly, the degree of humanlikeness
of a robot’s face may also affect perceptions of the robot’s
personality. Previous work supports this theory. A robot’s facial
features, such as a nose, mouth and eyebrows, can contribute to
ratings of how humanlike a robot is [31,33]. There is evidence that
the shape of a robot’s head can influence ratings of the robot’s
knowledge and sociability [34]. Children rate robots to have
different amounts of happiness and sadness, as well as different
degrees of behavioural intention, based on their appearance [35].
Other research has shown that more mechanical robots are rated
to be lower on emotional stability, extroversion, agreeableness,
conscientiousness and intellect, than a humanoid robot [36]. A
robot with a higher-pitched voice is perceived to have a different
personality to a robot with a lower pitched voice [37]. Avatars
have also been rated differently on personality compared to agents
[38].
Summary and Current Study
This review of previous work has shown that there are many
aspects of a robot’s appearance that can affect how the robot is
perceived, and a number of possible theories behind these effects.
The current study aimed to investigate the effects of humanlike
facial appearance on perceptions of the robot’s eeriness, mind, and
personality, as well as on the participants’ blood pressure. It also
explored whether personality and mind were correlated with
eeriness. We specifically aimed to investigate these effects on a
robot with a display screen because robots with interactive touch
screens are becoming more popular for practical applications in
real world scenarios. We hypothesised that a robot with no-face at
all on its display screen would be perceived as being the least alive
and having the least mind; a robot with a humanlike face on the
display screen would be perceived as having the most mind, and
being most alive. However, a robot with a silver face on its display
screen would be seen as intermediate in mind and aliveness, the
face would be rated as more eerie, and people would have greater
blood pressure (reflecting their unease). We hypothesised that the
robot with the humanlike face display would be seen most
positively in terms of personality.
Materials and Methods
Ethics Statement
The study was granted ethical approval by the University of
Auckland Human Participants Ethics Committee. All participants
provided written informed consent.
Participants
Thirty participants (14 female and 16 male) completed the
study. Participants were recruited from email advertisements to
university students and staff. The participants had a mean age of
22.50 years (range 18–38, SD 4.58). Inclusion criteria were age
over 16 years and able to understand English.
The Robot
In this experimental scenario, a Peoplebot robot with an on
board Intel Pentium1300 MHz processor was used to act the part
of a helper for a human nurse. Peoplebot is produced by Adept
Mobile Robots (USA) and is designed for service and human-robot
interaction projects. The robot was equipped with a speaker to
talk, a display to show its face and a cuff blood pressure monitor
connected to the robot via USB to measure the patient’s blood
pressure. Dialogues were designed for the robot to instruct the
participant to use the blood pressure monitor, display the result on
its screen and verbally report the results verbally (see Figure 1).
The robot can move forward and rotate but has no articulated
parts. This scenario has been used in previous studies [11,39].
The robot’s display shows a 3D virtual face, which is capable of
expressing several emotions as well as rendering the correct lip
movements for speech. The virtual face has over 6000 polygons
and looks humanlike. Software FaceGen Modeller, from Singular
Inversions, can generate realistic 3D faces randomly or from a real
person’s photograph. The face model can be any race, gender or
adult age with different expressions, phonemes and modifiers. It
allows the user to control the texture color, symmetric shape and
add extra parts such as eyeglasses or hats. To animate the virtual
face model so that it speaks in a natural way, we use Xface, an
open source 3D talking head based on the MPEG-4 standard. The
Xface toolkit is optimized enough to achieve at least 25 frames per
second with a polygon count up to 12000, using modest hardware.
To create the faces, a photograph was taken of a male student
volunteer of European ethnicity. Hair was removed in the
software. Figure 2 shows the 3D virtual face created by Facegen
and how the 3D face looks with difference expressions and
modifiers.
The second face was created to look more robotic. The shape
(mesh) of the first face was used and only its appearance was
modified. As Figure 3 shows, the humanlike skin was replaced with
the silver metal-like surface and the human eyes were replaced
with blank holes to simplify them. Both faces had the same
animation quality because they both used X-face animation
software.
Procedure
Each participant was invited to interact with the robot three
times. They were told that the aim of the study was to see which
robot people preferred. Each time the robot performed the same
task: to enter the room, move to the participant, and assist the
participant in taking their blood pressure. In each interaction the
robot had a different face displayed on its screen: no-face display
(NFD), a humanlike face display (HFD) or a silver face display
(SFD). The NFD robot had the words ‘‘healthcare robot’’ on the
screen instead of a face. The order of the robots with the different
screen displays was randomly assigned and counter-balanced for
each participant.
At the start of the interaction, the robot introduces itself to the
participant and asks them how they are today, and tells them that
it would like to measure their blood pressure. It asks the
participant to roll up the sleeve of either arm, and to undo the
velcro fastening on the cuff and to slide their arm into it making
sure that the cord is on the inside part of the arm and coming out
of the bottom of the cuff, and to refasten the cuff. At that point, the
robot displays a video showing them how to do this. The robot
asks them to press the start button on the meter when they are
ready and tells them that the cuff will automatically inflate and
deflate of its own accord, and when it is finished the robot will tell
them the results. The robot then tells them that they have done
very well and says their blood pressure and heart rate results. The
Robot Faces, Mind and Personality
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The robot then thanks the participant and moves out of the room.
After each interaction, the participant completed a questionnaire.
Measures
The questionnaire contained a 6-item version of the Mind
Perception Questionnaire [28]. The scale contains two subscales –
agency (the ability to think, recognise emotions, communicate) and
experience (the ability to feel pleasure, pain, be conscious).
Participants were asked to ‘‘Please indicate the degree to which
you believe this robot has each of these capacities:’’ on scales from
1 to 7. For example, ‘‘How much is this robot capable of
thinking?’’ Scores were summed for each subscale where a higher
score indicated greater capacity (possible range 3 to 21 for each
subscale). The scales were internally reliable for all faces (agency
range.76 to.85; experience range.70 to.85).
The questionnaire also contained three visual analog scales
asking the participants: ‘‘How humanlike did you think this robot
was?’’ (very machine-like ‘0’ to very humanlike ‘100’); ‘‘Did the
robot seem alive?’’ (not at all alive ‘0’ to very much alive ‘100’),
and ‘‘How eerie did the robot’s face look?’’ (not at all eerie ‘0’ to
very eerie ‘100’, for the human and silver faces only).
For each face display condition, participants rated their
impression of the robot’s personality using Asch’s checklist of
characteristics [40]. This list comprises 18 pairs of traits, mostly
opposites, and participants are asked to ‘‘Please select one word
from each pair that is most in accordance with the view you have
formed of this robot:’’. The pair warm-cold was added due to
evidence of its primary importance in Asch’s paper. After recoding
Figure 1. Peoplebot robot and blood pressure monitor that was attached to it for the study.
doi:10.1371/journal.pone.0072589.g001
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was used to discern personality factors using the humanlike face
display condition, and a scree plot indicated three factors
explained the majority of variance. Factor one ‘‘sociable’’ included
six items: unsociable-sociable, unpopular-popular, hard headed-
imaginative, cold-warm, humourless–humourous, and irritable-
Figure 2. The human-like face created by Facegen and how the 3D face looks with difference expressions and modifiers. Top row:
normal face, smile, blink. Bottom row: speak ‘‘Ah’’, speak ‘‘Oh’’, speak ‘‘J’’.
doi:10.1371/journal.pone.0072589.g002
Figure 3. The silver face (right), modifed from the humanlike face by changing the skin texture and colour, and the eyes.
doi:10.1371/journal.pone.0072589.g003
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included four items: unattractive-good looking, unhappy-happy,
ruthless-humane, and ungenerous-generous, (cronbach’s al-
pha.76.) The third factor ‘‘trustworthy’’ included three items:
unstable-persistent, shrewd-wise and dishonest-honest (cronbach’s
alpha.63). Subscales were created to represent these factors by
summing these items for each face. Participants were also asked to
‘‘Please give a brief characterization of this robot in just a few
sentences:’’. After interacting with all three robot face display
conditions, the participants completed a final questionnaire in
which they were asked, ‘‘Please rank below, which robot you liked
the most for a healthcare robot, from most favorite to least
favorite’’.
Data were analysed using SPSS version 19. One sample
Pearson’s chi-square was used to analyse robot face display
condition preference. Repeated measures ANOVA were used to
compare differences in ratings between the three conditions, with
post-hoc tests using Sidak’s adjustment for multiple comparisons.
Pearson’s correlations were run to investigate how perceptions of
mind were related to how humanlike, alive and eerie each
condition was rated. Associations between eeriness and personality
factors were conducted using Pearson’s r. Significance was set at
p,.05.
Results
Robot Face Display Preference
When asked which was their favourite healthcare robot, 18
participants (60%) chose the robot with the HFD, nine chose the
robot with the NFD (30%) and three (10%) chose the robot with
the SFD, x
2 (2, N=30)=11.40, p=.003.
Differences between Robot Face Display Conditions in
Ratings of Humanlike, Alive, and Eerie
The robots with the three different face displays were rated
significantly differently on humanlikeness F (2, 29)=25.00,
p,.001. The humanlikeness means were: NFD 21.70 (SD 16.10);
SFD 39.20 (SD 18.80); HFD 49.37 (SD 23.76). Post–hoc tests
indicated the NFD condition was rated significantly less humanlike
than both the SFD condition (p,.001), and the HFD condition
(p,.001). In addition, the HFD condition was rated significantly
more humanlike than the SFD condition (p=.020) There was also
a significant difference in ratings of being alive, with perceived
aliveness increasing with humanlikeness of the face display
conditions; F (2, 29)=10.63, p,.001. The alive rating means
were: NFD 20.47 (SD 20.13); SFD 31.30 (SD 22.77); and HFD
40.63 (SD 26.16). Post-hoc tests indicated that there was a
significant difference between NFD and HFD conditions (p,.001),
but the difference between the NFD and SFD conditions was not
significant (p=.057), and the difference between the SFD and
HFD conditions was also not significant (p=.055). The SFD was
rated more eerie (mean 54.47, SD 24.17) than the HFD condition
(mean 39.70, SD 25.99), t (29)=2.46, p=.020.
Differences between Robot Face Display Conditions in
Perceived Agency and Experience
There was a significant difference in ratings of how much
agency each robot had depending on face display condition, F (2,
58)=9.34 (p,.001), see Figure 4. Post-hoc tests showed significant
differences between the NFD and the SFD conditions (p=.049)
and between the NFD and the HFD conditions (p,.001), but the
difference between the SFD and HFD conditions was not
significant (p=.259). Similarly, there was a significant difference
in ratings of how much each robot could experience things
depending on its face screen display F (2, 58)=11.20, p,. 001, see
Figure 4. Post hoc tests showed significant differences in
experience between NFD and the SFD conditions (p=.022), and
between NFD and the HFD conditions (p=.001) but the
difference between the SFD and HFD conditions was not
statistically significant (p=.072).
Differences between Robot Face Display Conditions in
Personality Impressions
There were significant overall differences between robots with
different face displays for sociability and amiability but there was
no significant difference in the trustworthy factor between the
robot face display conditions (see Table 1). Post-hoc tests with
Sidak’s correction indicated a significant difference in sociability
between the NFD and the HFD conditions (p=.011), while the
difference between NFD and the SFD conditions was not
significant (p=.069), and neither was the difference between the
SFD and the HFD conditions (p=.315). There was a significant
difference between the HFD and NFD conditions in amiability
(p=.001) and between the HFD and the SFD conditions (p=.025),
but the difference between the SFD and NFD conditions was not
significant (p=.196).
Some examples of the brief personality impressions people gave
for each robot are listed here. HFD: ‘‘Felt more close to the robot.
It felt affectionate and humanlike. The face looked like a real
doctor’s face serious/reliable’’, ‘‘Robot seemed friendly, helpful,
patient – didn’t rush’’, ‘‘practical, calm, predictable, reliable, task-
oriented, efficient’’. SFD: ‘‘I thought it was efficient however it did
lack some emotion…’’, ‘‘Practical…sterile…’’, ‘‘enough human-
like that the silver appearance becomes creepy’’. NFD: ‘‘very
robotic, impersonal, mechanical and soulless’’, ‘‘…the robot does
not give warmth and does not comfort you’’, ‘‘…In some ways
more honest because there isn’t a face and I know there is not a
person inside…’’.
Differences between Robot Face Display Conditions in
Blood Pressure
The repeated measures ANOVA showed no overall significant
effect of robot face display condition on diastolic (F (3, 87)=0.40,
p=.750), or systolic blood pressure (F (3, 87)=0.90, p=.446).
Associations between Perceptions of having a Mind,
being Alive, Humanlike, and Eerie
For each robot face display condition, there was a strong
correlation between ratings of humanlikeness and being alive:
NFD r=.73 (p,. 001), SFD r=.76 (p,. 001) and HFD r=.77
(p,. 001). Ratings of humanlikeness were significantly related to
agency (NFD r=.37 (p=.046), SFD r=.36 (p=.048), HFD r=.68,
p,.001), and to perceived capacity to experience for the HFD only
(r=.59, p,.001). Ratings of humanlikeness were not significantly
related to perceived capacity to experience for the NFD (r=.34,
p=.066) or SFD conditions (r=.13, p=483).
Ratings of being alive were related to agency ratings for both
the SFD (r=.62, p,.001), and HFD conditions (r=.67, p,.001),
and with the capacity to experience for both SFD (r=.41,
p=.023), and HFD conditions (r=.50, p=.005). There were no
significant relationships between ratings of being alive and agency
or experience for the NFD condition (r=.108, p=.571), and
r=.039 (p=.838) respectively.
The eeriness of the SFD and HFD conditions was not
significantly related to ratings of being alive (SFD r=2.002,
p=.990; HFD r=.11, p=.557), nor to being humanlike (SFD
r=2.14, p=.458; HFD r=2.30, p=.110), nor to perceptions of
Robot Faces, Mind and Personality
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experience (SFD r=2.004, p=.984, and HFD r=2.208,
p=.271).
Associations between Eeriness and Personality
For the robot with the HFD, there were significant correlations
with eeriness for all three factors: sociable (r=2.517, p=.003),
amiable (r=2.535, p=.002), and trustworthy (r=2.514,
p=.004). For the robot with the SFD, these correlations did not
reach significance (r=2.148, p=.438), amiable (r=2.242,
p=.197) and trustworthy (r=.224, p=.235).
Discussion
This study presented three different faces on a robot with a
display screen – no-face display, a silver face display, and a
humanlike face display. As expected, the robot with the humanlike
face display was rated the most humanlike, followed by the robot
with the silver face display, and then the robot with the no-face
display. The more humanlike the face display, the more people
attributed mind (the ability to experience things and have agency)
to the robot, and the more they saw the robot as being alive. The
face displays influenced impressions of the robot’s personality, with
the humanlike face display seen as the most sociable and amiable,
but all three were seen as trustworthy. The robot with the
humanlike face display was the most preferred, followed by the
robot with the no-face display, and the robot with the silver face
display was the least preferred. The robot with the silver face
display was rated more eerie than the robot with the more
humanlike face display. There were no differences in participants’
blood pressure between robot face display conditions.
The results are in line with Eyssel’s theory that people seek to
attribute humanlike qualities to robots [25], and suggest that a
humanlike appearance may augment this process. The findings tie
in with the expectation violation and Bayesian models, because
one interpretation is that the silver face provides conflicting cues as
to whether the face is human or artificial. Mind perception
processes may be part of this model, such that robots may not be
expected to be able to feel emotions – but humans are, and the
silver face could be seen to provide conflicting cues as to which
category the entity belongs.
These results are congruent with initial studies on mind
perception that have shown people attribute more mind to adult
humans than all other characters [28]. They also align with results
that people attribute more mind to robots with voices of the their
own gender [31], and this indicates that people attribute more
mind to others that are more similar to themselves. This is the first
study to show that changing the face can influence how much
mind people attribute to a robot with a display screen during an
Figure 4. Differences in perceived agency and experience of the robot between the different face conditions (mean, SD).
doi:10.1371/journal.pone.0072589.g004










display Mean (SD) F(2,58) p value
1. Sociable 0–6 1.50 (1.25) 2.17 (1.91) 2.57 (1.98) 4.034 .023
2. Amiable 0–4 1.50 (1.41) 1.93 (1.48) 2.63 (1.45) 6.74 .002
3. Trustworthy 0–3 2.70 (0.47) 2.63 (0.55) 2.57 (0.77) 0.66 .521
doi:10.1371/journal.pone.0072589.t001
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which breaks mind into the capacity for experience and the
capacity for agency. The advantage of this questionnaire is that is
has been psychometrically validated, has distinct subscales for
agency and experience, and has been used in different contexts
and so allows comparisons to a range of other entities.
Designers need to think carefully about what qualities they wish
their robot to be perceived as having and design the face
accordingly. A humanlike face display should be used if the
designers wish the robot to be perceived as having greater abilities
to experience things, have agency and be seen as more sociable
and amiable. On other hand if designers do not want people to
have high expectations of the robot having these abilities, then a
humanlike face display may not be useful. For example, retirement
village residents have expressed a preference for a robot that is not
humanlike [41], and they may not want a robot that they perceive
can think and feel. The face on a robot presents information from
which people form impressions and expectations of abilities.
Previous research has found that users’ overly-high expectations of
a robot’s abilities before an interaction are adjusted down after the
interaction, while overly low expectations are adjusted up,
suggesting that it is better to create low expectations to avoid
disappointment [42].
The robot with the humanlike face display was rated highest in
the capacity to experience followed by the robot with the silver
face display, and then the no-face display, which is similar to
findings that the front of a robot’s head is rated higher in
experience than the back [26]. This study found that the robots
with the humanlike and silver face displays were rated as having
greater agency than the no-face display, whereas the front and
back of the head were rated as similar in agency in Gray and
Wegner’s experiment. These new findings suggest that the
presence of even a silver face display can promote perceptions of
agency compared to no-face display.
Interestingly, ratings of eeriness were not related to ratings of
humanlikeness or being alive. This finding supports earlier work
that it is not the degree of humanlikeness per se that creates
eeriness [16,43]. Instead, ratings of eeriness were significantly
associated with the impression of personality; in particular, higher
eeriness was related to perceptions of being less sociable, amiable,
and trustworthy for the robot with the humanlike face display. The
open–ended descriptions of personality suggested that people
inferred warmth, affection, and friendliness from appearance. All
of the faces were rated highly on trustworthiness, which is a
characteristic that is desirable for a healthcare robot.
Neither ratings of experience nor agency were significantly
correlated with perceptions of eeriness, whereas in earlier work,
the capacity of experience partially explained feelings of uncan-
niness [26]. These differences in findings may be due to
methodological factors – this study used a within-group design
rather than between groups design, all of the participants viewed
the robot from the front, the robot was a Peoplebot rather than
Kaspar, participants interacted with a robot with a display screen
rather than watching a video of a robot, and there were differences
in questionnaire items. The previous study assessed perceptions of
the robots’ ability to experience pain and fear, whereas this study
assessed perceptions of the robots’ ability to experience pain,
pleasure and consciousness. The findings of this paper suggest that
the perceived capacity to experience per se is not as important to
the Uncanny Valley as the perceived lack of sociability and
amiability. However, more research is needed to explore this
further.
Limitations of the study include the presentation of a limited
number of faces, and only the one robot body type. Using blank
holes on the silver face may not have been the best method to
simplify the eyes, however, we were limited by the software
capabilities. Future research could further investigate how other
forms of face and body affect perceptions of personality and mind
and link to the Uncanny Valley. It could be argued that it is not
clear whether the participants were rating the faces on the display
screens or the robots as a whole. We argue that the participants
saw each screen display as part of each robot, so they were in effect
rating the robots as a whole. In support of this point: the
questionnaires specifically asked the participants to rate each robot
rather than each screen display; the participants had to use the
blood pressure cuff mounted half way up each robot so much of
the interaction took place around the body of the robot; and
participants’ responses to the characterisation questions describe
aspects of the robot and not just the screen. However, future work
could investigate whether these results occur when these faces are
shown on computers, videos or in photographs.
Conclusions
This work adds to the body of literature trying to discern how
robot faces can affect user impressions. There are three main
conclusions relating to faces on a screen display on a healthcare
robot. First, the robot with the more humanlike face display was
preferred to the robots with the no-face or the silver face displays,
and was seen as less eerie than the robot with the silver face
display. Second, people attributed more mind and more sociability
to the robot with the humanlike face display than to the robot with
the no-face display, and a more amiable personality to the robot
with the humanlike face display than to the robots with either the
silver face and no-face displays. Third, perceptions of sociability
and amiability were negatively correlated with perceptions of
eeriness in the robot with the humanlike face display. Robot
developers need to be aware that the face they employ on a robot
with a display screen will affect user impressions of the robot’s
personality and mind, and that impressions of a lack of sociability
and amiability may be linked to feelings of unease.
Author Contributions
Conceived and designed the experiments: EB DW BM. Performed the
experiments: VK. Analyzed the data: EB VK. Contributed reagents/
materials/analysis tools: XL RS JS DW EB VK BM. Wrote the paper: EB
XL BM DW VK RS.
References
1. Broekens J, Heerink M, Rosendal H (2009) Assistive social robots in elderly care:
a review. Gerontechnology 8: 94–103.
2. Shibata T, Wada K (2011) Robot therapy: a new approach for mental
healthcare of the elderly - a mini-review. Gerontology 57: 378–386.
3. Broadbent E, Stafford R, MacDonald B (2009) Acceptance of healthcare robots
for the older population: Review and future directions. Int J of Soc Robot 1:
319–330.
4. Kaneko K, Kanehiro F, Morisawa M, Akachi K, Miyamori G, et al. (2011).
Humanoid robot hrp-4-humanoid robotics platform with lightweight and slim
body. Intelligent Robots and Systems (IROS), 2011 IEEE/RSJ International
Conference on: IEEE. 4400–4407.
5. Graf B, Reiser U, Hagele M, Mauz K, Klein P (2009). Robotic home assistant
Care-O-botH 3-product vision and innovation platform. Advanced Robotics and
its Social Impacts (ARSO), 2009 IEEE Workshop on: IEEE. 139–144.
6. Jayawardena C, Kuo I, Datta C, Stafford RQ, Broadbent E, et al. (2012).
Design, implementation and field tests of a socially assistive robot for the elderly:
Healthbot version 2. Biomedical Robotics and Biomechatronics (BioRob), 2012
4th IEEE RAS & EMBS International Conference on: IEEE. 1837–1842.
7. Mori M (1970) The Uncanny Valley. Energy 7: 33–35.
Robot Faces, Mind and Personality
PLOS ONE | www.plosone.org 8 August 2013 | Volume 8 | Issue 8 | e725898. MacDorman KF, Green RD, Ho C-C, Koch CT (2009) Too real for comfort?
Uncanny responses to computer generated faces. Comput Hum Behav 25: 695–
710.
9. Pollick FE (2010) In search of the Uncanny Valley. In: Daras PI, O M., editor.
User Centric Media Berlin: Heidelberg: Springer. 69–78.
10. von der Putten AM, Kramer NC, Becker-Asano C, Ishiguro H (2011) An
android in the field. Human-Robot Interaction (HRI), 2011 6th ACM/IEEE
International Conference on: ACM/IEEE. 283–284.
11. Tamagawa R, Watson C, Kuo IH, MacDonald BA, Broadbent E (2011) The
effects of synthesized voice accents on user perceptions of robots. Int J Soc Robot
3: 253–262.
12. Eyssel F, Hegel F, Horstmann G, Wagner C (2010) Anthropomorphic inferences
from emotional nonverbal cues: A case study. RO-MAN, 2010: IEEE. 646–651.
13. Mitchell WJ, Szerszen KA, Sr., Lu AS, Schermerhorn PW, Scheutz M, et al.
(2011) A mismatch in the human realism of face and voice produces an uncanny
valley. Perception 2: 10–12.
14. Thompson JC, Trafton JG, McKnight P (2011) The perception of humanness
from the movements of synthetic agents. Perception 40: 695–704.
15. Saygin AP, Chaminade T, Ishiguro H, Driver J, Frith C (2012) The thing that
should not be: predictive coding and the uncanny valley in perceiving human
and humanoid robot actions. Soc Cogn Affect Neurosci 7: 413–422.
16. Hanson D (2006) Exploring the aesthetic range for humanoid robots. ICCS/
CogSci-2006 Long Symposium: Toward Social Mechanisms of Android
Science. Vancouver, Canada: ICCS. 16–20.
17. Ho CC, MacDorman KF, Pramono ZAD (2008) Human emotion and the
uncanny valley: A GLM, MDS, and ISOMAP analysis of robot video ratings.
Third ACM/IEEE International Conference on Human-Robot Interaction.
Amsterdam: ACM. 169–176.
18. MacDorman KF, Ishiguro H (2006) The uncanny advantage of using androids
in cognitive science research Interac Stud 7: 297–337.
19. Bartneck C, Kanda T, Ishiguro H, Hagita N (2007) Is the uncanny valley an
uncanny cliff? Robot and Human interactive Communication, RO-MAN 2007
The 16th IEEE International Symposium on: IEEE. 368–373.
20. Steckenfinger SA, Ghazanfar AA (2009) Monkey visual behavior falls into the
uncanny valley. National Academy of Sciences of the United States of America
106: 18362–18366.
21. Lewkowicz DJ, Ghazanfar AA (2012) The development of the uncanny valley in
infants. Dev Psychobiol 54: 124–132.
22. Broadbent E, Lee Y, Stafford R, Kuo I, MacDonald B (2011) Mental schemas of
robots as more human-like are associated with higher blood pressure and
negative emotions in a human-robot interaction. Int J of Soc Robot 3: 291–297.
23. Moore RK (2012) A Bayesian explanation of the ‘Uncanny Valley’ effect and
related psychological phenomena. Sci Rep 2: 864.
24. Cheetham M, Suter P, Jancke L (2011) The human likeness dimension of the
‘‘uncanny valley hypothesis’’: behavioral and functional MRI findings. Front
Hum Neurosci 5: 126.
25. Eyssel F, Kuchenbrandt D, Bobinger S (2011) Effects of anticipated human-
robot interaction and predictability of robot behavior on perceptions of
anthropomorphism;. ACM. 61–68.
26. Gray K, Wegner DM (2012) Feeling robots and human zombies: mind
perception and the uncanny valley. Cognition 125: 125–130.
27. Kramer NC (2008) Theory of mind as a theoretical prerequisite to model
communication with virtual humans. Proceedings of the Embodied communi-
cation in humans and machines, 2nd ZiF research group international
conference on Modeling communication with robots and virtual humans.
Bielefeld, Germany: Springer-Verlag. 222–240.
28. Gray HM, Gray K, Wegner DM (2007) Dimensions of Mind Perception.
Science 315: 619.
29. Floridi L, Sanders JW (2004) On the morality of artificial agents. Mind Mach 14:
349–379.
30. Waytz A, Gray K, Epley N, Wegner DM (2010) Causes and consequences of
mind perception. Trends Cogn Sci 14: 383–388.
31. Eyssel F, Kuchenbrandt D, Hegel F, de Ruiter L (2012) Activating elicited agent
knowledge: How robot and user features shape the perception of social robots.
RO-MAN, 2012: IEEE. 851–857.
32. Todorov A, Said CP, Engell AD, Oosterhof NN (2008) Understanding
evaluation of faces on social dimensions. Trends Cogn Sci 12: 455–460.
33. DiSalvo CF, Gemperle F, Forlizzi J, Kiesler S (2002) All robots are not created
equal: the design and perception of humanoid robot heads. 4th conference on
Designing interactive systems: processes, practices, methods, and techniques.
London, England: ACM. 321–326.
34. Powers A, Kiesler S (2006) The advisor robot: Tracing people’s mental model
from a robot’s physical attributes. HRI’06. Salt Lake City, Utah, USA.: ACM.
218–225.
35. Woods S, Dautenhahn K, Schulz J (2004) The design space of robots:
investigating children’s views. 13th IEEE International Workshop on Robot and
Human Interactive Communication ROMAN: IEEE. 47–52.
36. Walters M, Syrdal D, Dautenhahn K, te Boekhorst R, Koay K (2008) Avoiding
the uncanny valley: robot appearance, personality and consistency of behavior in
an attention-seeking home scenario for a robot companion. Auton Robot 24:
159–178.
37. Niculescu A, van Dijk B, Nijholt A, Swee Lan S (2011) The influence of voice
pitch on the evaluation of a social robot receptionist. International Conference
on User Science and Engineering (i-USEr) 18–23.
38. Von der Putten AM, Kramer NC, Gratch J, Kang S-H (2010) ‘‘It doesn’t matter
what you are!’’ Explaining social effects of agents and avatars. Comput Hum
Behav 26: 1641–1650.
39. Broadbent E, Kuo I, Lee YI, Rabindran J, Kerse N, et al. (2010) Attitudes and
reactions to a healthcare robot. Telemed E-Health 16: 608–613.
40. Asch SE (1946) Forming impressions of personality. Journal Abnorm Soc Psych
41: 258–290.
41. Broadbent E, Tamagawa R, Patience A, Knock B, Kerse N, et al. (2012)
Attitudes towards health-care robots in a retirement village. Australas J Ageing
31: 115–120.
42. Paepcke S, Takayama L (2010) Judging a bot by its cover: an experiment on
expectation setting for personal robots. Proceedings of the 5th ACM/IEEE
International Conference on Human-Robot Interaction. Osaka, Japan: IEEE
Press. 45–52.
43. MacDorman KF (2005) Subjective ratings of robot video clips for human
likeness, familiarity, and eeriness: An exploration of the uncanny valley. ICCS/
CogSci-2006 Long Symposium: Toward Social Mechanisms of Android Science
Vancouver, Canada. 26–29.
Robot Faces, Mind and Personality
PLOS ONE | www.plosone.org 9 August 2013 | Volume 8 | Issue 8 | e72589